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The p r o c e e d i n g s  o f  a NASA/OART - L e w i s  Research  C e n t e r  
sponsored  Space S t o r a b l e  P r o p e l l a n t  P r o p u l s i o n  Technology Review 
and t h e  s e s s i o n s  a t t e n d e d  a t  t h e  A I A A  4 t h  P r o p u l s i o n  J o i n t  
S p e c i a l i s t  Conference are r e p o r t e d  h e r e i n .  
h e l d  June  11 - 1 4  a t  C leve land ,  Ohio.  Appendix I l i s t s  t h e  O A R T  
agenda .  Appendix I1 l i s t s  t h e  p r e p r i n t s  o b t a i n e d .  

The mee t ings  were 
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MEMORANDUM FOR FILE 

The w r i t e r  a t t e n d e d  a s p a c e  s t o r a b l e  r ev iew sponsored  
by  NASA/OART - L e w i s  Research C e n t e r  and s e l e c t e d  t e c h n i c a l  ses- 
s i o n s  o f  t h e  American I n s t i t u t e  of  A e r o n a u t i c s  and A s t r o n a u t i c s  
( A I A A )  4 t h  P r o p u l s i o n  J o i n t  S p e c i a l i s t  Conference  d u r i n g  t h e  
p e r i o d  o f  June  11 - 1 4 ,  1 9 6 8  i n  C l e v e l a n d ,  Ohio.  The OART and 
A I A A  s e s s i o n s  were n o t  connec ted  b u t  r a t h e r  t h e  O A R T  rev iew ( a t  
L e w i s  Research  C e n t e r )  was scheduled  t o  f o l l o w  t h e  A I A A  as a 
convenience  t o  t h e  i n t e r e s t e d  p a r t i e s .  

1 . 0  SPACE STORAELE PROPELLANT TECHNOLOGY REVIEW 

These s e s s i o n s  were h e l d  t h e  n i g h t  o f  June  13 and a l l  
day June  1 4 .  The mee t ing  was sponsored  by OART/RP and Lewis 
Resea rch  Cen te r  t o  p r e s e n t  t o  s e l e c t e d  i n d u s t r i a l  c o n t r a c t o r s  
t h e  ccmple t e  scope  o f  O A R T  suppor t ed  a c t i v i t y  i n  t h e  f i e l d  of  
s p a c e  s t o r a b l e  p r o p e l l a n t s .  Both c o n t r a c t o r  s u p p o r t e d  and ir.-!;ouse 
a c t i v i t i e s  were rev iewed.  A copy o f  t h e  agenda and a l i s t  o f  
a t t e n d e e s  are  e n c l o s e d  as Appendix I .  No handou t s  were p r o v i d e d .  
'I'hese can  be  o b t a i n e d  from OART upon r e q u e s t .  

The f i e l d  o f  space  s t o r a b l e  t echno logy  i s  pe rhaps  t h e  
area of l i q u i d  p r o p e l l a n t  technology r e c e i v i n g  t h e  greatest  sup- 
p o r t  from OART.  The m a j o r i t y  o f  t h e  p a p e r s  p r e s e n t e d  were con- 
c e r n e d  w i t h  c o m b u s t i o n / i g n i t i o n  and mater ia l  c o m p a t i b i l i t y  i n v e s -  
t i g a t i o n s .  

The r e s G l t s  Gf t h e  naRT prngrams t h u s  far have c?ezcr?- 
s t r a t e d  t h a t :  

(1) h igh  combustion performance a t  d e s i g n  m i x t u r e  
r a t i o s  can b e  o b t a i n e d  w i t h  b o t h  major  space  
s t o r a b l e  f ami l i e s ;  FLOX/hydrocarbons and OF2/ 

These combustion d a t a  more t h a n  j u s t i f y  E2H6 
t h e  " o p t i m i s t i c "  l e v e l s  of  per formance  assumed 
i n  t h i s  d e p a r t m e n t ' s  advanced d e s i g n  s t u d i e s  
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1 2 of  t h e  MSSR and PM-2 . 
( 2 )  advanced m a t e r i a l s  based on g r a p h i t i c  s t r u c t u r e s  

have ex t r eme ly  h i g h  p romise  i n  p r o v i d i n g  l i g h t -  
weight  combust ion d e v i c e s  f o r  f l u o r i n a t e d  p ro -  
p e l l a n t  sys t ems .  R e s u l t s ,  p a r t i c u l a r l y  by  t h e  
Marquardt C o r p o r a t i o n ,  i n d i c a t e  t h a t  f o r  t h e s e  
p r o p e l l a n t s ,  t h e  r e q u i r e m e n t s  may be s a t i s f i e d  
by f r e e  s t a n d i n g  g r a p h i t i c  s t r u c t , u r e s .  I f  proven  
t r u e ,  t h e  c o n v e n t i o n a l  a b l a t i v e  and/or  r e g e n e r a -  
t i v e l y  coo led  chambers w i l l  become o b s o l e t e .  The 
i n f e r e n c e s  can  n o t  b e  u n d e r e s t i m a t e d .  S e v e r a l  
g r a p h i t i c  composi te  s t r u c t u r e s  have been r u n  a t  
b o t h  1 0 0 0  p s i a  and 1 0 0  p s i a  w i t h o u t  a r e a l i s t i c  
r e d u c t i o n  i n  chamber l i f e t i m e  ( h o u r s  compared t o  
500 seconds  f o r  a LM a s c e n t  e n g i n e ) .  

2 . 0  A I A A  4 t h  PROPULSION JOINT SPECIALIST CONFERENCE 

T h i s  a n n u a l  e v e n t  p u r p o r t s  t o  p r e s e n t  a comprehensive 
spec t rum o f  l i q u i d  p r o p u l s i o n  a c t i v i t i e s  o v e r  t h e  p a s t  yea r .  
S e s s i o n s  on e l e c t r i c ,  n u c l e a r ,  a i r b r e a t h i n g ,  hydrodynamics,  and 
s e l e c t e d  h y b r i d  and p r o p u l s i o n  sys t ems  f o r  t a c t i c a l  weapons were 
h e l d .  

The mee t ing  was d i s a p p o i n t i n g  i n  t h e  r e s p e c t  t h a t  most 
3 o f  t h e  r o c k e t  s e s s i o n s  are  m o r e  a d e q u a t e l y  cove red  i n  t h e  C F T A  

sponsored  t e c h n i c a l  s e s s i o n s .  

The f o l l o w i n g  s e s s i o n s  were a t t e n d e d  by t h i s  w r i t e r :  

I P r o p u l s i o n  Performance of  t h e  Sa tu rn /Apo l lo  System 

I1 Launch Opera t ions  E f f e c t i v e n e s s  - Panel  

I11 Advanced Materials f o r  High Temperature  P r o p u l s i o n  
A p p l i c a t i o n s  

IV Space S t o r a b i e  L i q u i d  Rockei P r o p u l s i o n  

V Advanced P r e s s u r i z a t i o n  System Technology 

- 
'Macchia, D . ,  S k e e r ,  M .  H . ,  and Wong, J .  - "Conceptual  Design of  

S t r u c t u r a l  and P r o p u l s i o n  Systems f o r  a MSSR Rendezvous V e h i c l e " ,  
Case 103-2, Memo For  F i l e ,  August 5 ,  1 9 6 6 .  

2Marks, A .  E.  - "Small  Space P r o p u l s i o n  S t a g e  P r e l i m i n a r y  Des ign" ,  
Bellcomm T e c h n i c a l  Memorandum t o  be  p u b l i s h e d .  

3CPIA - Chemical P r o p u l s i o n  I n f o r m a t i o n  Agency of  t h e  John Hopkins 
U n i v e r s i t y ' s  Applied Phys ics  L a b o r a t o r y .  
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V I  Low Cost B o o s t e r s  ( C o n f i d e n t i a l )  ( H .  S .  London 
a l s o  a t t e n d e d  t h i s  s e s s i o n ) .  

I n  g e n e r a l ,  t h e  s e s s i o n s  p r e s e n t e d  s t a t e - o f - t h e - a r t .  
A l i s t  o f  p r e p r i n t s  o b t a i n e d  i s  e n c l o s e d  as Appendix 11. The 
f irst  s e s s i o n  d e s c r i b e d  a d e q u a t e l y  t h e  p r e s e n t  Apol lo  p r o p u l s i o n  
u n i t s  and p r o v i d e d  some a d d i t i o n a l  background.  The second s e s s i o n  
d i d  n o t  address t h e  t i t l e  o f  " l aunch  o p e r a t i o n s  e f f e c t i v e n e s s "  
b u t  was c o n c e n t r a t e d  on a n u t s  and b o l t s  d i s c u s s i o n  of f a c i l i t y  
(KSC) hardware and sys t ems .  At tempts  by t h e ' a u d i e n c e  t o  p r o -  
voke a r e l e v a n t  d i s c u s s i o n  were n i c e l y  s i d e s t e p p e d  p a r t i c u l a r l y  
by t h e  KSC p a n e l  members. The s e s s i o n  on advanced mater ia ls  
was t h e  t e c h n i c a l  h i g h l i g h t  of t h e  whole mee t ing .  An AVCO p a p e r  
d e s c r i b e d  t h e  f a b r i c a t i o n  and p r o p e r t i e s  o f  a new t y p e  of f i b e r -  
r e i n f o r c e d  material  sys t em.  Termed " A V C O  3-0" t h e  t e c h n i q u e  p ro -  
v i d e s  r e i n f o r c e m e n t s  o r i e n t e d  i n  t h r e e  m u t u a l l y  p e r p e n d i c u l a r  
d i r e c t i o n s  and e l i m i n a t e s  t h e  low i n t e r - l a m i n a r  s t r e n g t h  c o n s t r a i n t  
or o r d i n a r y  r e i n f o r c e d  p l a s t i c  c o m p o s i t e s .  All i n  a l l ,  t h e  da ta  
p r e s e n t e d  show a break- through has been a c h i e v e d ,  i . e . ,  3-D q u a r t z  
p h e n o l i c  has i n t e r - l a m i n a r  t e n s i l e  s t r e n g t h s  o f  6 0 , 0 0 0  p s i  com- 
pared t o  2300 p s i  f o r  l amina ted  q u a r t z  p h e n o l i c s .  The AVCO p ro -  
c e s s  may be i m p o r t a n t  t o  r e e n t r y  t echno logy  as w e l l  as r o c k e t r y .  

4 

The s e s s i o n  concluded w i t h  a p a n e l  i n  which seven  lead- 
i n g  m a n u f a c t u r e r s  of  advanced mater ia ls  d i s c u s s e d  t h e i r  a c t i v i t i e s .  
A summary of t h e  mater ia l  d i s c u s s e d  i s  p r e s e n t e d  as Tab le  I .  Copies  
zf pertinent data  a m p l i f y i n g  T a b l e  I were r e q u e s t e d  from e a c h  
speaker .  

The space  s t o r a b l e  p r o p u l s i o n  s e s s i o n  p r e s e n t e d  s e v e r a l  
i n  d e p t h  v e r s i o n s  sf Szta  d i s ~ ~ s s ~ c !  at t h ~  $ART S Z S S i G i ? .  r n 7 -  1 1 1 ~  - 
o f  t h e  papers r e p o r t e d  t e s t s  and s t u d i e s  t h a t  were a r c h a i c  and 
need  no t  be  f u r t h e r  d i s c u s s e d .  An e x c e p t i o n  was t h e  p a p e r  on 

Combustion t e s t s  i n d i c a t e  
t h a t  h i g h  l e v e l s  of performance can  be ach ieved  l e a d i n g  t o  s p a c e  
s y s t e m s  hav ing  Isp l e v e l s  i n  e x c e s s  of  5 2 0  seconds .  
t e c h n o l o g y  i s  t h e  f i r s t  open l i t e r a t u r e  p r e s e n t a t i o n  of such  s u c c e s s  

chemica l  sys t ems .  

Li/F2/H2 t r i p r o p e l l a n t  combust ion 5 . 
The r e p o r t e d  

and. leads t c  hcpe cf 2 l a r g e  perfcrmancz p o t e n t l a 1  for future 

"'Three Dimens iona l ly  Reinforced  A b l a t i v e  Rocket Engine Components", 
K .  M .  J a c o b s ,  e t  a l ,  AVCO C o r p o r a t i o n ,  A I A A  Paper 68-598. 

5t1Combus t i o n  C h a r a c t e r i s t i c s  o f  t h e  F l u o r i n e / L i t  hium/Hydrogen 
T r i p r o p e l l a n t  Combination",  H .  A .  A r b i t  e t  a l ,  Rocketdyne - a 
D i v i s i o n  of N A R .  A I A A  Paper #68-618. 
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The s e s s i o n  on advanced p r e s s u r i z a t i o n  sys t em t e c h n o l o g y  
d i s c u s s e d  s e v e r a l  programs t o  e v a l u a t e  more advanced l i q u i d  t a n k -  
age  p r e s s u r i z a t i o n  schemes i n  comparison t o  e x i s t i n g  he l ium or 
e n g i n e  v a p o r i z e d  p r o p e l l a n t  sys t ems .  Of p a r t i c u l a r  i n t e r e s t  was 
t h e  s u c c e s s f u l  d e m o n s t r a t i o n  of  MT16 (main t a n k  i n j e c t i o n ) .  The 
p r o p e l l a n t s  used i n  t h e  s t u d y  were MHF-5/ClF f o r  u s e  i n  t a c t i c a l  
weapons. MTI h a s  been proposed f o r  Big Dumb B o o s t e r  ( B D B )  Appl i -  
c a t i o n  u s i n g  N204/UDMA. T h i s  program i s  a n o t h e r  data  p o i n t  ( a l -  
though  small s c a l e )  l e n d i n g  c redence  t o  t h e  BDB c o n c e p t .  

5 

The s e s s i o n  on low c o s t  b o o s t e r s  was c l a s s i f i e d .  
H .  S .  London a l s o  a t t e n d e d  t h i s  s e s s i o n .  A p a p e r  b y  Aerospace 
C o r p o r a t i o n  d e r i v e d  t h e  a n a l y t i c a l  c o s t i n g  t e c h n i q u e s  -used t o  
j u s t i f y  t h e  "low c o s t "  p r e s s u r e  f e d  approach  v e r s u s  compet ing  s o l i d  
b o o s t e d  c o m p e t i t o r s .  A Lockheed paper '  r e p o r t e d  a n  a n a l y s i s  which 
showed no c l e a r  c u t  advantage  i n  t h e  p r e s s u r e - f e d  low c o s t  approach .  
Later  d i s c u s s i o n  i n d i c a t e d  t h a t  t h e  c o s t  s c a l i n g  laws used by  
Lockheed may be i n v a l i d  and unduly p e n a l i z e d  t h e  low c o s t  l i q u i d  
s y s t e m .  

A M a r t i n  company paper  ( i n s e r t e d  i n s t e a d  o f  a c a n c e l l e d  
McDonnell Douglas p a p e r )  s t u d i e d  t h e  low c o s t  s y s t e m  f o r  u s e  as 
s t r a p - o n s  t o  advanced T i t a n  fami ly  c o n f i g u r a t i o n s .  The M a r t i n  
r e s u l t s  showed t h a t  eng ine  t h r o t t l i n g  may b e  n e c e s s a r y  and t h a t  

c o s t  was c o n v e n i e n t l y  n o t  a m p l i f i e d .  
2 vzr iab le  area i r , , j c ~ t ~ ~  may b e  Yeqiiii-ect. r n - 2  1 1 1 ~ s  - Irripaci on low 

J .  C .  Moise Aeroj e t  Genera l  
G .  W .  Elverum TRW System I n c .  
D .  Ordahl  Uni ted  Technology Cen te r  
S .  I a c c a b e l l i s  Rocketdyne D i v i s i o n  o f  NAR 

The p a n e l  d i s c i i s s T o n ,  directed by K.  Chandler of MSFC ai?d 
D .  Ross RPL,  EAFB were l i v e l y .  The p h i l o s o p h i e s  p r e s e n t e d  were 
p a t e n t l y  p a r o c h i a l .  For example, D .  Ordahl  n e a t l y  proved t h a t  t h e  
Hybrid sys tem was as good as b i p r o p e l l a n t  l i q u i d  s y s t e m s .  Rocket- 
dyne sa id  n o t  t o  ove r look  cheap pump-fed sys tems based on e x i s t i n g  
r e l i a b l e  Rocketdyne p r o p u l s i o n .  (Technique remove r e q u i r e m e n t s ,  

6'fMain Tank I n j e c t i o n  f o r  Packaged L iqu id  M i s s i l e s " ,  F o s t e r  and 

7 f f S i r n p l i f i e d  L iqu id  Boos te r  S tage  Cost Comparisons",  R .  W .  G o l d i n ,  

Howell ,  The Mar t in  M a r r i e t t a  Co. A I A A  Paper  68-627.  

Lockheed (LMSC). A I A A  Paper  68-813 ( U n c l a s s i f i e d ) .  
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downrate performance, reduce testing, etc.). The session was a 
good forum for discussion. Ross said the Air Force at RPL was 
funding or about to fund deepening studies to justify hopes for 
the approach. All members of the industry are anxiously awaiting 
these results. 9 A 

1013-CB-pap 
ck;L.QLuLy C. Bendersky 

Attachments \ 
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